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Irradiation Facilities 

• Brookhaven Linear Isotope Producer (BLIP) 

• Tandem van de GRAAFF 

 

PIE Facilities 

• Isotope Extraction and Processing PIE Facility 

• Synchrotron 

• CFN 
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BLIP: Irradiation studies using  

(a) high energy protons (66 MeV to 200 MeV) and  

(b) spallation neutrons from 118 MeV protons on target. Materials for fusion 

and fission reactors as well as high power accelerators (LHC, LBNE, 

etc.) 

 

Tandem Van de Graaff: Irradiation facility with 28 MeV protons or 

ions from an ion array up to 197Au 

 

Isotope Extraction-Processing Facility:  

An experimental area in the facility hot cells for complete macroscopic 

analysis of irradiated samples 
 

 

NSLS/NSLS II Synchrotrons – X-ray diffraction 

BNL Irradiation and Post-Irradiation Facilities 



BLIP - Working Horse of 

Accelerator-based 

Irradiations 

Projected current in 2016 Run = 140uA !! 
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Materials linked with:  
 

Neutrino Factory, LHC, LBNE, Next Gen Fusion/fission Reactors 

Materials:  
 

Steels, Inconel, S-Invar, Gum Metal, Ti-6Al-4V, Cu, Glidcop, W, Ta 

Graphite (s), C/C composites, SiC/SiC 

Mo, Mo-GR, Cu-CD 

Interfaces (Cu-Ti-Graphite, Al2O3-Ti6Al4V 

Facilities Utilized/integrated:  
 

200 MeV BNL Linac/BLIP, Tandem,  Isotope Extraction Facility 

National Synchrotron Light Source (NSLS) and NSLS II 

Center of Functional Nanomaterials 



High Energy Proton Irradiation  
(energies up to 200 MeV) 

 

Material Irradiation Damage Studies for: 

 Large Hadron Collider (CERN) 

 Long Baseline Neutrino Experiment 

 Neutrino Factory 

 FRIB 



Proton Irradiation  



Proton Irradiation  





200 MeV Proton Irradiation  





Proton Irradiation  



Thermo-mechanical Analyses Supporting Proton Irradiation  

  



Proton Irradiation  



Photon Analysis and ISOTOPE Profile 



Proton Irradiation  



2016 RUN: 200 MeV Proton Irradiation  



2016 RUN: 200 MeV Proton Irradiation  



Graphite Studies, BNL-Simos 

Graphite & Carbon-based Material Irradiation/Characterization 

• An array of irradiation damage and post-irradiation characterization studies 

have been under way at BNL for graphite and carbon-based structures 
 

• Brookhaven has a long history in the study of nuclear graphite 
 

• BNL accelerator complex facilities (200 MeV Linac/BLIP and Tandem 

accelerator) provide proton, spallation fast neutron and ion irradiation beams) 
 

• Macroscopic post-irradiation characterization utilizes the Isotope Extraction 

Facility (hot cells, remote handling and testing) 
 

• Microscopic post-irradiation is performed at the BNL Synchrotron facilities 

(NSLS using white and monochromatic x-ray beams and now NSLS II) aided 

by multi-faceted characterization at the Center of Functional Nanomaterials 

Graphite & Carbon-based Materials 
 

• Reactor-grade graphite (IG-43, IG-430) under fast neutrons and protons 

• Carbon fiber composites (2D C/C and 3D C/C) + SiC/SiC 

• HP Target bound graphite (LBNE) – 4 grades (POCO, IG-430, Carbone and R7650) 

• Newly developed structures such as Mo-GR 
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BNL EDXRD study on irradiated graphite revealed the 

following important correlation: 

Damage expressed in terms of MEASURABLE quantities 

(i.e. crystal lattice changes) is achieved much faster and 

at much lower FLUENCE or DPA by energetic protons 

than fast neutrons.  

BNL finding is set to a factor of ~10 



Ti alloys-BNL-Simos 

Titanium Alloy Irradiation/Characterization Studies at BNL 

• An array of irradiation damage and post-irradiation characterization studies 

have been under way at BNL for Ti-alloys that include 
 

• (α + β) Ti-6Al-4V alloy  

• β-titanium alloy Gum metal (Ti-21Nb-0.7Ta-2.Zr-1.2O) 
 

• Both alloys were investigated as candidates for HP targets in the Neutrino 

Factory initiative 

• The (α + β) Ti-6Al-4V has also been studied as a substrate of ceramic nano-

structured coatings for potentially nuclear applications (fast neutron and 

elevated temperatures)  
 

• 200 MeV protons and spallation generated fast neutrons at the BNL complex 

were used for irradiation induced damage 
 

• Macroscopic post-irradiation and EDXRD/XRD studies at the BNL 

synchrotrons were employed to study microstructural changes and damage 
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Compression Tension 
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Tensile and fracture toughness properties of unirradiated 

and neutron irradiated titanium alloys 

S. T€ahtinen a,*, P. Moilanen a, B.N. Singh b, D.J. Edwards c 

 

Journal of Nuclear Materials 307–311 (2002) 416–420 



Spallation Neutron Irradiation 

Irradiation damage studies from mixed spectrum 

(dominated by fast neutrons) 
 

Studies:  
 Fusion Reactor Materials and Composites 

 DOE-NE materials (super-alloys, ceramic and 

amorphous coatings on reactor steels, etc.) 



Spallation-induced Fast Neutron Irradiation at BLIP 

Neutron Energy Spectrum  



Spallation-induced Fast Neutron Irradiation at BLIP 

SiC/SiC 

SiC 



SiC/SiC Irradiation  



28 MeV Proton & Heavy ion irradiation at Tandem  



28 MeV Proton & Heavy ion irradiation at Tandem  

Recent 28 MeV proton + spallation neutron 

irradiation experiment at sub-zero 

temperatures at Tandem (Simos, et al) 



Irradiation at sub-zero Temp & X-ray Diffraction   



Irradiation at sub-zero Temp & X-ray Diffraction   



What Damage Can One Achieve at Tandem? 
28 MeV protons on BERYLLIUM target array 
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56Fe ion on Be target Array 



Experimental Facility occupies 2 hot cells and a 

HEPA-filtered fume hood 

 

PIE analyses performed are: 

 

Stress-strain (tension, 3-point and 4-point bending) 

Thermal Expansion and annealing (extremely 

sensitive dilatometer) 

Thermal Conductivity (electrical resistivity) 

Magnetic Whole probe 

Ultrasonic  measurements 

 

PLUS 

Photon spectra and isotopic analysis 

Activity measurements 

Weight loss or gain 

  

BNL Post-Irradiation Facilities  

Isotope Extraction and Processing Facility at BNL 
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Isotope Extraction and Processing Facility at BNL 



BNL Post-Irradiation Facilities X-ray Diffraction at NSLS II 

X-ray diffraction studies of irradiated samples 

with the aid of a multi-functional experimental 

stage enabling: 
• Laser-induced annealing 

• Tension/twisting/4-point-bending 

• Exposure to different environments 

• Diamond anvil cell to be introduced in future update 



BNL Post-Irradiation Facilities X-ray Diffraction at then NSLS 

Pristine Ti-6Al-4V 
Proton-irradiated Ti-6Al-4V 
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BNL Post-Irradiation Facilities X-ray Diffraction at NSLS II 

Stage at NSLS II XPD Beamline  



Characterization Studies/Capabilities at CFN 

 

Unirradiated samples ONLY (to-date) 
 

 

Studies:  

 
 High Temperature Annealing 

 DSC and TGA analysis 

 FIB/TEM 

 SEM with EDS/WDS 



Characterization Studies/Capabilities at CFN 

MoGR at 720C MoGR at 660C 

MoGR at 900C 

IG-430 at 660C POCO at 660C 



Characterization Studies/Capabilities at CFN 

Element  Weight%  Atomic% 

C K   2.47  6.96 

O K   22.13  46.92 

Al K   0.51  0.64 

Fe K   74.90  45.48 



Thermo-mechanical Characterization W behavior (W  WO3 ) to temperatures reaching 1050 C 

Evolution of W oxidation 

Asymmetry in weight gain/loss 

Heat Flow asymmetry < 500 C 



Planned Experiment OBJECTIVE and CHALLENGES 
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